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1.0 EXECUTIVE SUMMARY

1.1 OBJECTIVE

AAs part of an overall Electronic Support Measures (ESM) improvement program, a
study was performed to define a high-availability conceptual ESM system. Prior studies
of existing shipboard ESM systems have (1) outlined component units needing improvement

'\\LBM and (2) established the characteristic availabilities of two existing systems as well as

goals (or standards) for ESM availability (Ref:Z). This report defines the operating, support,
and maintenance requirements of a proposed ESM (conceptual design) system with a
potential for performance modernization and aviilability improvement over existing ship-
board systems. Modernization as used here refers to configuration redundancy for broad
frequency coverage and independent performance modes (for easy growth to meet new
threats) and configuration flexibility to permit incorporation of advanced technology.

1.2 METHODOLOGY

\- The first task was to determine the performance requirements of the conceptual
ESM by means of a functional block diagram. Existing off-the-shelf components were
identified to represent nearly all of the exterior mast-mounted equipment and some of the
interior below-deck equipment. The remaining portion of the equipment was modeled by
selecting representative quantities and types of active devices. Failure rates and cost figures
were compiled for all components. Next, modes of operation and operating requirements
were established along with the attendant automatic and operator-controlled functions and
types of operator interfaces. System redundancy was defined for each mode of operation.

Finally, maintenance and support requirements were established which would
support the performance modes and operating requirements. Availability and reliability
figures were developed by modeling the reliability and maintainability parameters as expon-
ential functions and solving for probability of system success and system degradation.

1.3 RESULTS

Summary results of availability, mean-time-between-failure (MTBF), and mean-time-
to-repair (MTTR), computed for the conceptual ESM system are shown in Table 1-1. The
figures are similar for 30-, 90- or 365-day mission times since steady-state values have been
reached by 30 days. The graceful degradation* features incorporated into the study are
summarized in Table 1-2. The amount of redundancy that can be said to exist as the result
of allowable performance degradation causes the series elements of the reliability model
(Fig. 4-12) to overwhelm the parallel elements’ probability of failure. Thus, MTBF, MTTR,
and availability values become effectively equal for loss of either two or three channels.
Operating and support requirements are summarized in Table 1-3.

*Graceful degradation means partial loss of system performance without loss of function.
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Component areas at the ship-replaceable unit (SRU) level were determined to have
the following apportioned impact on reliability and availability:

Intermediate frequency (IF) converters 33%
Radio frequency (RF) filters 16%
(including YIG tuning components) *
Control & Display 16%
Remaining system 35% .

At the piece-part level, the component impact on reliability and availability was
distributed as follows (excluding computer, control and display):

Gallium arsenide field effect transistors (GaAs FET) 23%
Microwave diodes 21%
Coax connectors 12%
Ferrite isolators 12%
Bandpass filters 8%
Integrated circuits, linear 10%
Integrated circuits, digital 3%
Remaining parts 11%

1.4 RECOMMENDATIONS
Based on the work reported herein, the following recommendations are offered:

1. Investigate the potential for reducing part count by reducing the number of
bands or channels without significantly sacrificing performance.

2. Investigate the feasibility and reliability of integrating RF components into
“plug-in’’ packages similar to Standard Electronic Modules (SEM).

3. Investigate the availability of microwave devices with reliability higher than
commercial or JAN level.

2.0 INTRODUCTION

The continually increasing development of highly sophisticated electronic weapons
systems has led to greater interest in more sophisticated Electronic Support Measures
(ESM) equipment. The study reported herein is part of an overall ESM improvement effort.
It involves component research and specifically addresses the feasibility of obtaining a high- ’
availability design.

Normally in a conceptual design, component definition is in broad terms, and
therefore the resultant prediction of either reliability or availability is also an estimate in
broad terms. The approach used in this study was to describe system performance require-
ments to the point where functional hardware could be defined. The hardware character-
istics were then uscd as the basis for availability-related calculations. Although this approach
may yield a more accurate feasibility study, care should be exercised in projecting details of




Table 1-1. Summary of Conceptual ESM Inherent Availability.

System-Up MTBEF, hours MTTR, hours Availability
Condition Exterior | Interior | Total | Exterior | Interior | Total | Exterior | Interior | Total
Complete System 253 460 163 32 55 40 | 9987 9988 1.9976
(all 4 channels)
3 Channels 2007 546 429 .36 .68 61 9998 9988 |.9986
(Degraded DF)
2 Channels 2018 546 430 .36 .68 61 9998 9988 | .9986
(DF Failed
Long-Range
Surveillance &
Threat Warning
Degraded) /
1 Channel (DF & | 2018 546 430 .36 .68 .61 9998 9988 | .9986
Long-Range
Surveillance
Failed)
Table 1-2. Conceptual ESM Graceful Degradation.
Loss of Sensitivity, Loss of Azimuth Coverage,
No. of dB deg azimuth
Failed Long-Range Threat Direction Long-Range Threat Direction
Channels Surveillance Warning Finding Surveillance Warning Finding
0 0 0 0 0 0 0
1 -6 -6 -6 0 0 *
2 -8 -8 Failed 0 0 Failed
3 Failed -17 Failed Failed 0 Failed

*Degraded performance bearing determination to within a quadrant.

Table 1-3. Recommended Operating & Support Personnel.

Critical Mission

Non-Critical Mission

Conditions Conditions
Hours/Shift as required 4
Number of dedicated
Operators/Shift ) o*
Number of dedicated
Repairmen/Shift 1 of

*Operator will be required on a part-time basis to verify and check alarms given

off by the system.

Operator/repairman may be the same crew member.




the architecture as representative of a final production version. A final production model
will contain the complexity of this conceptual architecture but with added development for
integration, packaging, and ease of manufacture.

2.1 SCOPE

The intent of this study was to perform a conceptual assessment of the potential
inherent reliability and availability of a newly proposed ESM architecture. Reliability and
maintainability of the proposed configuration were predicted and based on the perfor-
mance, operation, and support requirements outlined in Section 3.

3.0 SYSTEM DESCRIPTION

The Conceptual ESM architecture studied is a four-channel down converter system
with multiple demodulation capability. Signals received are processed by various receivers
and a computer subsystem to enable rapid parameter measurement, classification, identi-
fication, and bearing estimation. Superheterodyne receivers, fed from the down converter,
have sensitivities that typically allow long-range intercept (beyond-the-horizon surveillance).
The four-channel down converter configuration utilizes special frequency and amplitude
measurement components to obtain threat warning reception (line-of-sight surveillance)
together with bearing determination.

The equipment has been divided into two main groups, exterior and interior. The
exterior group is the four-channel down converter portion mounted on the mast. The
interior group contains the IF receiver and signal processing elements located belowdecks
with a control and display consolc. This would most probably be located in the Combat
Information Center (CIC). Figure 3-1 is an artist’s concept of the exterior group, and
Figs. 3-2 and 3-3 depict the interior group. Figure 34 is the functional block diagram.

3.1 PERFORMANCE REQUIREMENTS

The performance features of the conceptual architecture pertinent to this study are
the modes of operation and their attendant definitions of success. Typically, the operational
modes are energized simultaneously. They have been arbitrarily defined as follows:

1. Long-Range Surveillance: Long-range surveillance (or long-range intercept)
involves frequency determination, pulse repetition interval (PRI) determination, and bearing
determination to within a quadrant or better. Signal levels across the antenna are never
more than 8 dB down relative to the best achievable performance.

2. Threat Warning: Threat warning refers to strong signal (line-of-sight) intercept.
It involves frequency and PRI determination and computer sorting for threats. Signal levels
across the antenna may be down as much as 17 dB relative to best performance.

3. DF Mode: The direction-finding mode is strong-signal (line-of-sight) bearing
determination to within 12 deg for signals down no more than 17 dB. Equivalent accuracy
is expected but not required for the long-range surveillance condition.

The sensitivity for these three modes is dependent upon the number of channels op-
erating and the demodulation parameters. As the number of channels drops, sensitivity de-
grades due to decreased antenna coverage. Therefore, successful — but degraded — operation
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may exist for each functional mode with some channels in a failed state. Table 3-1 provides
a summary of the degree and type of graceful degradation seen as a function of failed
channels. The failure of individual bands within a channel (see Fig. 34, block 1) simply
limits the frequency coverage in a given channel. Hence it would be synonymous with a
channel failure for that frequency band.

Table 3-1. Conceptual ESM Graceful Degradation Criteria.

Loss of Sensitivity, Loss of Azimuth Coverage,
No. of dB deg azimuth
Failed Long-Range Threat Direction Long-Range Threat Direction
Channels Surveillance Warning Finding Surveillance Warning Finding
0 0 0 0 0 0 0
1 6 6 6 0 0 *
2 8 8 Failed 0 0 Failed
3 Failed 17 Failed Failed 0 Failed

*Degraded performance bearing determination to within a quadrant.

Notch filter failures, where the component is not burned out (but no longer atten-
uates strong signals), would be of no consequence except in the presence of interfering CW
signals. This situation is handled by assigning an arbitrary probability to the event. Local
oscillator (LO) failures are more damaging than most other hardware failures because an
LO failure causes a failure in all channels for that band. While it results in a somewhat
pessimistic assessment, LO failures are treated as a system failure (failure of all channels)
because of the difficulty in assigning probability to reception in respective frequency bands.
Channel failure effects are defined in Table 3-1.

3.2 OPERATIONAL REQUIREMENTS

The conceptual ESM system is a fully automatic receiving system with muiti-
functional capability that permits the following:
simultaneous intercept over 360 deg of azimuth
determination of pulse or CW parameters for intercepted emitters
- matching an emitter’s parameters to stored data library

reporting the information, either visually on a CRT or digitally on a printed
message, to a human observer

® issuing an alarm for threats or equipment failure
In addition, the capability exists to have an operator interrupt the automatic routine and
perform his own diagnosis of intercepted signals. Should the automatic control function

(central computer) fail under a critical mission situation, manually operated backup controls
exist for tuning receivers and switching trequency bands or channels.

11 FRLCEVING FaGR blauk=NOT F1



Under non-critical mission conditions, operation may be accomplished without
an operator, with messages transmitted to the watch officer, or operation can be sustained
by one operator/repairman. A single operator may be shared among other commonly
located equipments since he will be required only to acknowledge an alarm and possibly
make repairs. A non-critical mission condition is one where the system, if allowed to go
down (fail) for the duration of the repair time, will not result in a critical effect to the
ship’s safety.

Under critical mission situations, two or more operator/repairmen will be required
and may be assigned to 4-hour (or longer) shifts, depending on the degree of operator
intervention the ship’s commander may require. The second operator/repairman is needed
to cover in the event of a system failure. While a repairman performs corrective action,
the operator maintains watch on the remaining operational portions of the system. A
critical mission situation is one in which the ship’s safety would be jeopardized were the
system allowed to remain down for the duration of repair time.

The required skill level of operator/repairmen will be at least E4, with intermediate-
and organizational-level operation and maintenance training.

3.3 MAINTENANCE CONCEPT AND SUPPORT REQUIREMENTS

The basic concept for packaging the conceptual ESM is to optimize maintainability
at the organizational level without sacrificing optimum performance and reliability. The
concepts developed are:

1. The mast-mounted exterior group is to be packaged in segments of bands or channels
with outputs at intermediate frequencies (IF) on transistor-to-transistor logic (TTL) signal levels.

2. The IF signal processing, display, and control group is to be packaged together
and located belowdecks as close to the operator room as possible.

3. The exterior group is to be entirely packaged into similar replaceable assemblies -
(containing SRUs with common functions for fault-isolation purposes) and be both easily
replaceable and easily carried between the spares location and the mast location.

4. The signal processing display and control group is to be packaged as much as
possible into similar replaceable units [such as (3) above] with repairable items held to a
minimum quantity and repair time.

The maintenance concept developed for the conceptual ESM considers the following in
order of priority:

Minimum repair time
Commonality of SRUs, SRAs, and components as much as possible
Automatic fault isolation

S W N -

Minimum training required for operation and maintenance.

The concept to be followed is that repair will be accomplished by three levels
as follows:

Organizational — Replacement of an SRU which is isolated and located by the
built-in test equipment (BITE). Check-out and calibration will be accomplished




automatically by injected signals and measurements. For the exterior group, BITE
will totally isolate and localize to an SRU. For the interior group, faults are isolated
and localized by a combination of BITE and operator interpretation of display
information.

Intermediate — Repair of an SRU is done by replacement of an SRA. A fault, to the
SRA level, is detected by special-purpose test equipment aboard ship. Check-out and
some calibration are performed using standard and special-purpose test equipment.

Depot — As a guideline, no more than 13% of the SRAs will be returned to the
depot for repair. The remaining portion is to be discarded. The repairable SRAs
will be reconditioned by the equipment manufacturer or the Navy using standard
test equipment. Replacement of piece-parts will be the primary method.

The preventive maintenance schedule, as identified by the planned maintenance
system (PMS) for the conceptual ESM, is intended to be at some minimum level of effort.
Except for normal daily walk-around inspection, there is no need for any daily PMS.
Check-out of the system is performed by use of the BITE and calibration generator and
control at any time while the system is operational. Monthly or quarterly inspection of
rack cooling fans and cleaning of air filters may be required for below-deck equipment.

4.0 SYSTEM AVAILABILITY AND RELIABILITY

The Conceptual ESM reliability and availability model has been developed to reflect
the equipment’s capability relative to the mission requirements and designed-in graceful
degradation. Mission requirements are given in terms of equipment performance over the
specified mission time. Graceful degradation features are given in terms of system capability
versus loss of redundant channels.

4.1 FAILURE RATE SOURCE DATA

The approach used in this study has resulted in component definition for most of
the equipment. Components are separated into two categories: RF and printed circuit
board (PCB) types. RF components are such items as couplers, isolators, YIG oscillators,
and solid state microwave amplifiers. The PCB components are the more common elec-
tronic parts, such as resistors, capacitors, transistors, and integrated circuits (1Cs). PCB-type
component failure rates have been modeled directly, using MIL-Handbook 217B data. RF
component failure rates are based on: (1) manufacturer’s estimate, (2) engineering estimate,
or (3) 217B generic failure rates. Appendix A, Part 111, contains the detailed reliability
prediction, including the applicable Pi factors used in the 217B models. The environments
used were Naval Unsheltered for the exterior group and Naval Sheltered for the interior
group. An assembly operating temperature in the range 45 to 55°C was estimated, with
assemblies having higher power dissipation (such as power supplies) operating at 55°C.

Table 4-1 provides a summary of the individual component failure rates arranged
in descending order of percentage of overall failure rate. Some components, however, do
not contribute to the reliability and availability model. For example, the BITE detector is
8.5% of overall failure rate but does not contribute to the system reliability/availability
models in Figs. 4-1 through 4-5. Failure rates for the computer, C#-1374/SLQ-32(V) and
J-( )/ SLQ-32(V). and the control and display, 0J-466/ SLQ-32(V), are taken from Ref. 5.




umopyealq 1ed-3021d 2an9¢ 10y v X1puaddy 295,

"€ 00000°0" €0° 02 ¥04vI0S] 3IL1lob3s
’e* 2021v°0¢ e 0°vy A¥ *AR BVA M3¥IS Q¥3T *S3H
9%’ 1666L°2Y 90° o°e &3Q00IN3 801235 3N14
€y 00000°0S 80°* 0°s 83XIVdIL NN Y
”" g6061°1S 1s° 0°2¢ BULYSNIdNOD
Se* Y€995°2S sL°L 0°2uY 3521 NI *IIWMvH3D *dV)
-1 24 L6661°ES 90° 0°y *nS 30010 10dS 10¥d ¥3ilwl
2s* 19495°19 8s° 0°%9€ G3IINYIVE 378N00 ‘83NN
89° 00000°08 (4 &4 (3] 1awvY/A HILIAS 30010
(¥ 09699°€8 2s°t 0°ele 1S *3S0dand Tvy3IN39 ¢30010
s8° 00000°00°T 80° 0°s *80LVIIIIS0 UITTONLNGD 39VLAT0A
L8° 5666€°201 €0°1 0°v9 #OLYYYAIS TYNDLS
56° 9tL00°1I1T1 v2°1 0°L2 8 3dAl ‘dAd *NNOD
) s6* L19gs8° 111 s0°1 0°s9 HInNWIYL ONNURIBIANON *801S1S3u
: & or°t 16605°621 oe°1 0°18 8419102 IWNGILI3¥I0
y €1°t Lsselceel 6v°6 0°06S ISW/ISS W1I9i0 uvlodle ¢2J]
t B st°t £€6660°SE L e 0°8y ¥3CLAIQ ¥3IA0d
9c°1 00000°091 1s* 0°2€ 804v70SI *3iJon3dy
Le*t 19£689°091 1€°€ 0°902 0 SSYI1D 41100 44 °*ONI
6%°1 svg2ve Ll 26°9 0°0€Y avaINIT avi0odle *J1
€61 00000°081 ’ 0°6 x801vI112S0
28°2 6L602° €€ S€° 0°2¢e x A 1daits ¥IR0 X
20°€ 00000°09€ 91°1 0°2L 831714 SSYJONVE
LT A 00000°009E 221 0°9¢ YOLVIOST 31Iv834
2S°€ 9LL0L 21y 08° 0°06 15 *80123430 *30010
S0°9 1v66£°01L 1s* 0°2€ #8341 dny 2y
LE®9 9G169°LYL 62°S 0°62€ D 3dAL *IVIXVOD Ju °*NNOD
*%5°9 00000°49L 1s° 0°2¢ £H3LT14 Q3INNL 9IA
81’9 00000°096 ¥se 1 0°96 *HI1Ins 30010
05°8 YYLE9°* L6 Lt 0°cL £43131Tanv/n 80123430 3Li8
80°6 19665°5901 16° 0°2¢ 203141 dnv 31
89°01 vig6e6°€s21 19°¢ o°nee 134 SYV9 ¢y531d1Ndwy
€21t L166E°8IEL €0°1 0°%9 £UITTVHINOD J9VLITUA *HOLVNNILLY
*¥*3 W04 3ivy 3unlvy ALD W01 ALD ININOGWOD
40 IN3IDH3Id 40 INIJuid
3°g2 tdWIL AIHWISSY 0 WS3  TATUWISSY
Q3WILIIHS *TVAVYN S INIWNOYIANY wS3 WS 3 1423r04d
vel 6L1%22 9NV SOl 2 3D110N BL12=-%8UH=]In NOTLVYNIWS3130 3Lve J801vd

‘umopyealg Y un(ie 1ed-20314 ‘[-v AqeL




10° 00009° €0* 0*2 *SN3IS Lui
to° 1e2eL° [ B [ ] Y SSY) ¢y3Im0d *ONI
10° 8L698° €0° 0°e 4 SSYT) *¥3IR0d *QNI
2o0° 00008°*1 €0° 0*e YIM0d SHILIMS
20° 12009°2 90° 0y v 3dA)L *T3INVA ONV MNIVH ¢NNOD
20° 2uloL*e 1§ 2d-] 0°19¢ 8SJ0 *iINVL UGIT0S *gv)
20°* USLEL®2 90° 0°y 34 SANNOW SYHD AP OXJ bRd *S3Y
20° v0926°2 80° 0°s O SSVI) *43M0d *SNYIY
€0° 00000°% [ n°'e 2Iuvidid 907 *WANNILINY
€0° 00000°y 90° o°y B831V3H
v0° go9te°y ore 0°9 O SSYI) *u3mr0d *ONI
¥0* €E00€EE"Y €o0°* 0°2 7D ¢INVL GITOSNON 4gv)
*0* t2c6eEy 2€° 0°02 831714
Y0 00009y 6t°* a*et Hid *H01SINB3INL ¢Sy
g v0° 0v808°%y g1° 0°01 ISK/15S WLI910 13 8viudle ¢J1
o s0° 00000°S 20° 0°s dW¥ Y AINIDSIONVYINI
1 '0* 19€e92°% 19 0°et mYy ‘ma UIXI4d 43M0a *S3d
i v0* 12192°S S6°y 0°80€ No ‘WIS U3XI4 UILVYINSNL *SHp
90° €1209°9 80° 0°s ¥ ddAl *3BVYI dYINIAID *NNOD
80° 2L198%6 2y* 0°92 ¥ *mm U4xId 3LVHNIIV *S3Y
ot* o2e2oe 1l 9¢e° 0°91 157 VL1910 SOw ¢J]
[ 2 £9661°L1 L 20 | 0°12 1S Sond *80LSISNYYL
i1 00000°02 €o0° 0°2 Y314 VIA *°ISO
L 00000°02 €o0° 0*2 43183AN0D
L1* 00000°0¢2 90° o'y HOAYNIWINISIQ
A sgoevet 12 91° 0ot 190luw *3u0la
6l° 00000*22 €0°* 0°2 IPIXV3IENL *Nv 4
(-1 o682€°22 -4 Ad u*e? INONYIRAY / H3INIZ *3U010
1e° 00000°S2 40°* 0°g a1 ¥ INUOW
] 2z L980€°*92 1s°1 0°%6 IS *NdN *YOLISISNVEL
i €e° €028v°*92 oLt 090l H OLHISNL *XOVY *SdULIINNGD
€2° 86666°92 91° 0°ol 379901 *HILINS
[ 1L6669°8¢ (1% 02t AV 30
*¥*4 Wi0L 3ive Junilvid ALO viog ALO ININOGNO)
40 iIN3DOB3d 40 iIN3IDY3d
J°qe tdW3l AIRAWASSY 0 W93  1ATIBw3SSY
f Q3¥4173HS *TVAYN $ANINNOBIANI wS3 wsd 14J3rodd
(£ 2 6L1%22 9NV GO el 2 3D110N "ull2=)HUH=TINW NUTLYNIWH3130 Jiva Jmiivy

"PONUNUO) “[-p JqBL

15




.

olIX3e
SHUNOK 2°G8 STVNOI SIUNTIVY NIIRLIE dnll NYIN

SUNOH NOITMIw 83d SIUNTIVS 00000°2L€21T SIVNO3 Iivy IuNVIvd IVL0L

Sidva 3331d 0°8129 STIVADI ALIINVID TWLIOL

L 00° 26000° 90° 0°e IS¢ DI *011SVId=d3dV¥d *d¥)
* b 00° 00080° [ 0°e #314N0) TYNLILI3INICO
’ oo* go2et® 2e* 0°02 SUBVOH U30IS=-0mML *BAd
00° Livel® 29° 0°92 UW) *VIIW ¢d¥vd
00° SE991° ote 0°9 W) *VIIN *d¥V)
00° lecs1° €Lt 0°5901 YOH *dW0D UIXIJ UILVINSNI ¢S
00° 2%s6L1° 8e°e 0°esl €21 uM) ¢JInWvid3) *d¥Y)
00° 6L882° 65°2 0° 191 Y8 *WIl4 03x14 G3LVINSNI *S3
00° 09000v"* 90° 0°e asns
00° 6ev2y* : 20° o°t 1 SSYI) *n3N0d *SNYYL
00° S9L8S* €0° 0°e ISW/15S W1I91Q SOw *J1
00° €9185° 1s* 0°ee INY ¢WIld QX3 IWVAIIA Sy
‘44 viol 3lvy 3YNIlvd ALD vi0L AlD ANINOUG®0OD
40 IN3IDY3Id 40 IN3DYId
J°s2 tan3l ATBWISSY 0 WS3  1ATUMISSY
03YILTVINS S IVAYN 1 ANINNOYIANI wS3 wS3 1403royd
121 644°%22 9NV S0391 2 3D110N GL12=-N90K=TIN NOTLVYNIWGIL3I0 3V 3anlvd

“panunuo) "[-p 3[qeL

16




S———y e

—re—————

32
| DIODE SW. I
R, U
I .
! 2 31 I 50,000
RF FILTER | IF CONV]
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A B C LK M.N.P.Q W | DF., AM, AP, AQ,
33
33,510 9412 992 499
AMP
0.39 031 031 I T l 0.31
| 45,045 |
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X 32 BANDS
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CONTROL & COMM. COMMAND & CONTROL IF CROSSBAR IF FILTER AMPLITUDE EN
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DN, DP, DS FN, £P FF.BB. FG. - B, BR. BV, GL.GQ,GR, G
26,888 147,630 33853 6472 5189
0.44 0228 0369 0.11 o1
16 17
<+ —p CONTROL & DISPLAY DIGITAL RECH
EXTERIOR GROUP INTERIOR GROUP 04-466/SLQ-32{V} 8T
989 M
0.734 0.2
20 21 22 24
RF AMP BIT IF CONV BITE OSC BITE DET
DETECTOR DETECTOR AJ, AK, AL, DK, DL, or SOEUN%°v“ ow DIGITALBRTE
X.Y,Z BD, BE, BF oM T
2243 2243 7976 17,065 7111 |
038 038 0.38 0.388 012 ]
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s l VOLT. CONT ATT
L AN
] ! 2 48544 6 7
1 | IF CONV POWER SUPPLIES OSCILLATOR
AA, AB, AC, AD, DD, DE, 0.3t A EB. DZ D AG A
bl DF, AM, AP, AQ, AS, SB . EB, AD, AG, AE, DG, DH, DJ
s | 499 2 3289 3886
T. ATT.
I 031 VoLt Cf,': 0.338 0.38
_—
48 544 l
e
I 0.31 |
L L —
X 32 BANDS
13
ACTIVITY DET. &
PROC
AU, AV, AW, AX, AY, AZ,
8A, BG, BH, B, FV, 8J
12 14.2 15
608
AMPLITUDE ENCODER COMPUTER POWER CONTROL
G, GJ, CF, CG, GK. 0.11% CP-1374/5LQ-32(V) PANEL
GL.GQ. GR. GU, GS JAMSLQ-32(V) FA, FB, FC,FD, FE
14 1
5189 2,111 26042
PART OF COMP
o INTERFACE 822 0127
J/SLQ-324V)
! 86.375
0923
y 17 18 19
PARAMETER
DIGITAL RECEIVER MEASUREMENT IFM RECEIVER
BT GM
GA
23
- 7111 26,947 2636 BITE & CAL
GEN & CONT
A1
_J 012 0.12 01 D.E.F,G,H,1,J
i B 19 4891
PARAME TER
DIGI R 3
GITAL RECEIVER ME ASUREMENT IFM RECEIVE 0.313
8T GM
GA
__.J [ARR] 26,947 2636
0.12 012 011
L

— —

Figure 4-1. System reliability block diagram.
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NQ, Q. S, OS, SS, JS. FH, FJ, FK, FL, EM. IF CROSSBAR LTE Gl, GJ, CF,

FF,BB, FG, BM

BN, BP, B8R, BV, BQ

DN, DP, DS FN,FP GL.GQ, G
25,888 147,630 3353 6472
044 0.228 0369 011
15 23°*
BITE & CAL
<+ > CONTROL & DISPLAY GEN & CONT
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0J466/51.Q-32(Vv)

D.E,F,GHIJ

989 4,891
0734 0.313
20 21 22 24
RF AMP BIT IF CONV BITE OSC BITE DEY SENSOR
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X, v.2 BD, BE, BF DM : ! '
2243 2243 7976 17,065
0.38 0.38 0.38 0388
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IF CONV
\A, AB, AC. AD, DD, DE,
DF. AM, AP, AQ, AS,SB

—— Se—

5

VOLT. CONT. ATT.
AN

48 544

6

7

— 1

0.31

499

0.31

5

POWER SUPPLIES
EA EB,DZ

OSCILLATOR
AD, AG, AE, DG, DH, DJ

VOLT. CONT ATT.
AR

3289

3886

0.338

0.38

48.544

L — ——

031

X 32 BANDS

12

AMPLITUDE ENCODER
Gl, GJ, CF, CG, GK,
GL.GQ. GR.GU. GS

13

ACTIVITY DET. &
PROC
AU, AV, AW, AX, AY, AZ,
BA, BG, BH, B!, FV, BJ

5189

0.1

608

14.2

15

o

141

COMPUTER
CP-1374/SLQ-32{V}
J-(ysLa-32ivi

POWER CONTROL
PANEL
FA,FB, FC,FD, FE

PART OF COMP.
INTERFACE
J-0/SLQ-32(V)

2,11

26,042

822

0127

86,375

0923

LEGEND:

BLOCK NO

FUNCT BLOCK DI1A
REF DESIGN

(g

BLOCK MTBF, HOURS

BLOCK MTTR, HOURS

L

DF MODE MTBF : 163
DF MODE MTTR = 40

‘PART OF EXTERIOR

Figure 4-2. DF mode reliability block diagram.

19

nadiesinbii N sttt

e D e T T

B L T

— Lt

FRLCROIAWG Fauk blawK=NOT F1.MED

EE Y

L5




AS A2
r—————_———_——_—_— —— — —— — — — —
A7 A3 32
I DIODE SWITCH
AS As AU
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1 2 3.1
50.000 IF CONV §
ANTENNA RF SWITCH REFILTER p AA, AB, AC, DC.
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P
390 | EY 3 A¥ 3
45,045
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| y
DIODE SWITCH
R.U
1 2 3.1 4
0
l RF FILTER 0 IF CONV
ANTENNA RF SWITCH ASSEMBLY AA, AB, AC, OC.
A2, A6, B2, B6 C2, L2, K2 M. N P.P. NP W DD, DE, DF, AM,
N, P.P.NP, AP, AQ, AS, SB
33
134,039 I 37,650 3968 1996
390 k% 3 A'.‘r” 3
I 45,045
I 31
T 3.2
DIODE SWITCH
I R, U
1 2 31 oo 4
RF FILTER ’ iF CONV
ANTENNA RF SWITCH ASSEMBLY AA. AB, AC, DC,
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33
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32
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+N. NP, P AP. AQ, AS, SB
33
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380 I a3 31 AQ."P 3
I 45,045
31
_— e ——— —— — — . — — — — — — — — — — — ——
TOUTOF 4 _ -
I REQUIRED
— — I
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TAGE
ROLLED
NUATOR

1

A) AN
ks sas L |
POWER
31 SUPPLY
EA, EB, DZ |
5
13,155
» |
v 338
P |
5
I ACTI
vca &
AN AUA!
BAS
Lo oas 6 7 8 9 10 -
POWER I OSCILLATOR CONTROL COMMAND
3 SUPPLY AD, AG, AE, DG, NQ. Q. S, QS, SS, F& CFON:ROFL ;i CBRBOSFSGBABF’:A
EA, EB, DZ DH, DJ JS, DN, DP, DS H.FJ FK FL, - B8 FL.
s 1 FM, FN, FP
13,155 ! 3886 29,569 147,630 3353
vCA PART!
AR 338 I 38 a4 0.228 0.369
3
48 544 |
3 |
5
EXTERIOR GROUP INTERIOR GROUP
vea |
AN
™" 6 I 20 21 22 23
POWER 0SC BITE DET BITE & CAL
\F CONV BIT DET :
) SUPPLY I RE AMP Bi DET 3D, BE BE AJ, AK, AL, DK, GEN. & CONTROL oT g
EA, EB, DZ Y » BE DK, DM D.EF.GHIJ
5
13,155 | 2243 2243 7976 4,891
s 338 I 38 38 38 0313
544 |
3
: |
vca
AN
6
48544 |
" POWER SUPPLY
- EA, EB, DZ l
5
13,156
vca |
AR 338
pesas I
31 |
—_— e o — e ]
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POWER CONTROL
PANEL
FAFBFCFDFE

26,042

127

THREAT WARNING MODE MTBF =472
THREAT WARNING MODE MTTR = 0.64

11 19 11 12
ACTI+1TY DETECTOR
& PROCESSOR IF FILTER IFM RECEIVER IF IFLTER A O ECODER
AUAV AWAXAY AZ 8N,BP,BR,BV.BQ GM BN,BP BR,BV BQ GL.GO.GR.GU.GS
B8A,BG,8H.81,AV,BJ .GO,GR.GU,
608 25,890 2636 26,890 10377
n M n n RA
14.1 1 19 1 12
PART OF COMPUTER F FILTER |F0 RECEIVER R EILTER AMPLITUDE ENCODER
INTERFACE BN BE BY 80 o TR o 61,GJ.CF CG.GK,
3-(1SLA32(V}1/0} -BP.BR.BV, BN.BP.BR BV B GL.GQ,GR,GU,GS
86375 25,890 2636 25,890 10377
932 AR A1 AL B
24
SENSOR
DT.DU,DV.DW
17,085
0338

FRLCEVInG Fauk bLaK=NOT FI

Figure 4-3. Threat warning mi
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COMPUTER CONTROL & DISPLAY
CP1374/SLQI2UV) s DISPL
J0ISLQ32MVII/O) 4 a32tv
2111 989
822 734
BLOCK NO.
BLOCK NAME

FUNCT. BLOCK DIA,

REF. DESIGN

Pode reliability block diagram.
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AS A2
—————— e e
A7 A3 3
I VOLTAGE
CONTROLLED
A8 Ad ATTENUATOR
AS I (VCA) AN
1 2 3 4
48 544
RF FILTER IF CONV S
ANTENNA RF SWITCH ASSEMBLY AA, AB, AC, DC, 1
AV, AS, B1, 85 C1. L1, K1 MANNPPR DD, DE, OF, AM, :
TUW AP, AQ, AS, SB E
134,039 I 37.650 1368 1996 s
390 I k1] 31 3 \QCRA
I 48,544
338
| 5
VCA
AN
A I 2 3 2 48 544
RF FILTER IF CONV 8-
ANTENNA RF SWITCH ASSEMBLY AA, AB, AC, DC. 31 :
A2, A6, B2, B6 C2. 12, K2 MNPPNPRTU DD, DE. DF, AM, : EA
w AP, AQ, AS, SB j
134039 | 37,650 1368 1996 2 1
390 31 31 31 \:\CRA
| |
48,544
| 3
T 5
VCA
| AN
! 2 3 2 48,544
P ———
RF FILTER IF CONV 8. .
ANTENNA RF SWITCH ASSEMBLY AA, AB, AC, DC, s
A3. A7, B3, B/ €3.L3,K3 MNPPNPRT.U DD, DE, DF, AM, 31 EA
I w AP, AQ. AS, $B
5
134,039 37,650 1368 1996 1
VCA
390 I 31 3 3 AR
b e—
I 48 544
| 31
5
I vca
AN
1 | 2 3 4
48,544 R ————
RF FILTER IF CONV
ANTENNA RF SWITCH ASSEMBLY AA, AB, AC, DC. - roWl
A4, A8, B4, BB C4, L4, Ka MNPPNPR.TU DD, DE, DF, AM, : EA
w AP, AQ, AS, SB
134,039 I 37,650 1368 1996 2 {
b————
390 31 i1} R VACRA 1
I —
| 48544

3

. _
20UTOF 4
REQUIRED
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DIGITIAL RECEIVER F
I 8T
3 7 8 9 10
COMMAND m
POWER | OSCILLATOR CONTROL
SUPPLY AD, AG, AE, DG, NQ. Q.S S, SS, Fﬁ CSN,: so,:",_ ;f: Canaoisc? ﬁn 12 B
EA, EB, DZ [ DH, DJ JS, ON, DP, DS FMUEN. FP L.1
13,155 | 3886 29.569 147,630 3383 ~4
[}
P | ” " 0228 530 meALsfarEcs VER
l 711
-
a2 .
| =
< .
l EXTERIOR GROUP INTERIOR GROUP
6 | 20 21 2 23 24 "
;owsn RF AMP BIT DET (F CONV BIT DET 0SC BITE DET BITE & CAL SENSOR
UPPLY vz B0, BE, BF AJ, AK, AL, DK, GEN. & CONTROL DT.DU.DV.DW
EA, EB, DZ x.v. R DK, DM D.EF.GH.L) DUV,
13,156 l 2243 2243 7976 4,891 17,065
338 I 38 38 38 0313 0.338
- |
POWER SUPPLY
EA, EB, D2 l
13.156 |
338
-
— SR S PRPFSSITRRSREES S - ¥ -
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13

PARAMETER ACTIVITY DETECTOR
MEASUREMENT AUAV AWAXAY AZ
GA BA.BG,BH,BIFV,BJ
26.947
A2 o
14.1
PARAMETER PART OF COMPUTER
MEASUREMENT INTERFACE
GA 3-(1/8LQ32(V)(1/0)
26947 86,375
A2 0923

BLOCK MT8F, HQURS

BLOCK MTBF, HOURS

LONG-RANGE SURVEILLENCE MODE MTBF =472
LONG-RANGE SURVEILLENCE MODE MTTR =064

b
15 14.1 16
POWER CONTROL COMPUTER CONTROL & DISPLAY
PANEL CP-1374/5LQ32(V) 03 485/5L0-32(V)
FA,F8,FC,FD,FE J(1/5LQ32(V)
26042 2111 989
0.127 0822 0.734
LEGEND:
{BLOCK NO.}
BLOCK NAME
FUNCT. BLOCK DIA.
REF. DESIGN

Figure 4-4. Long-range surveillance mode reliability block diagram.
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CONTROLLED
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POWER
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48,544 '
338 I
- |
VCA
AN |
6
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POWER | OSCILLATOR CONTROL &008"'3":;"‘:)0
E 31 SUPPLY AD, AG, AE, DG, NQ, Q. s, OS, SS, FH CF . FK F",_
A . FJ, » "
- €A, EB, DZ | DH, DJ JS. DN, DP, DS FMLEN. F
13,155 ! 3886 29,569 147,630
VCA
AR 338 | 38 a4 0.228
o |
3 I
5 <+ —
EXTERIOR GROUP INTERIOR GROUP
VCA |
AN
w8544 6 l 20 21 2
' POWER RE AMP BIT DET IF CONV BIT DET OSC BITE DET
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5
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1 12
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IF FILTER ENCODER
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4.2 BASIS FOR MAINTAINABILITY ESTIMATE

A maintainability estimate has been provided by following the guidelines contained
in Ref. 4. This document was chosen because of the more recent data it uses as a base and
because it supplies a prediction method for the early stages of a program. The same model
baseline may be applied in later stages of design to better assess the impact of changes in
design. Repair task times, such as assembly, disassembly, and interchange, are taken from
the time standards in Ref. 4 or they are postulated via an engineering estimate for the
equipment being considered. Appendix B contains the detailed data of the maintainability
prediction. Table 4-2 is the summary of the SRU MTTR. The MTTR for the computer,
CP-1374/SLQ-32(V) and J{ )/SLQ-32(V), and the control and display, 0J-446/SLQ-32(V),
is taken from Ref. 6.

Table 4-2. Summary of Conceptual ESM MTTR (SRU level).

Block* MTTR, Block* MTTR,
No. Description hours No. Description hours
1 Antenna 0.39 13 Activity Detector 0.11
2 RF Switch 0.31 14.1 Computer Interface 0923
3 RF Filter Assembly 0.31 142 | Computer 0.822
3.1 Filter Control Circuitry 0.31 15 Power Control Panel 0.127
32 Diode Switch 0.31 16 Control & Display 0.734
33 RF Amplifier 0.31 17 Digital Receiver 0.12
4 IF Converter 0.31 18 Parameter Measurement 0.12
5 Voltage-Controlied 0.31 19 IFM Receiver 0.11

Attenuator 20 | RF Amplifier BITE 0.38
6 Power Supply 0.338 Detecior
7 Oscillator 0.38 21 IF Amplifier BITE 0.38
8 Control 044 Detector
9 Command & Control 0228 22 Oscillator BITE Detector | 0.38
10 IF Crossbar 0369 23 BITE & Calibration 0.313
Generator Control
11 IF Filter 0.11
. 24 Sensor 0.338
12 Amplitude Encoder 0.11

*Refer to Figs. 4-1 through 4-5 for block designation

4.3 DEFINITION OF MISSION REQUIREMENTS

Because of the varied installation and operational requirements, the mission require-
ments for ESM equipment are not fixed. Installation will vary from a small vessel, such as a
frigate, to a major combatant, such as a carrier. Operations may vary from as little as
1 or 2 weeks during training. to as long as 1-year deployments for the major combatant
class of ships. To best represent this variety of situations, mission times of 30, 90, and
365 days have been used for study.
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Regardless of the installation or mission time, the equipment will be on demand
(in an energized condition) on a 24-hour basis for the duration of the mission. The four
redundant channels provide varying degrees of graceful degradation to each of the three
modes of operation defined in Section 3.1 and shown in Table 3-1. The designation
“system’’ means that all three modes of operation are demanded at all times. Thc designa-
tions “DF mode,” “Threat-Warning mode,” or “Long-Range Surveillance mode” refer to
demand of equipment necessary to perform those particular functions.* The equipment
reliability and availability, therefore, has been modeled to reflect equipment performance
relative to the variation in degree of graceful degradation.

4.4 RESULTS OF AVAILABILITY AND RELIABILITY COMPUTATIONS

The resultant reliability and availability computations are shown in Table 4-3 for a
30-day mission. Figures 4-1 through 4-5 show, respectively, reliability block diagrams for
the entire system, the DF mode only, the Threat-Warning mode only, the Long-Range
Surveillance mode, and Redundant-Channel configuration. These diagrams and the
associated calculations are intended to provide reliability and availability assessment when
considering only that portion of the equipment in operation during the mission. For
example, the numerics in Table 4-3 associated with the complete *“‘system” consider that all
three modes of operation are demanded during the 30-day mission, while “Long-range
Surveillance” numerics reflect the equipment necessary to provide that function, the
remaining portion of the equipment not being required.

Figure 4-5 is intended to show the equipment reliability configuration in the light
of the four-channel redundancy, i.e., without regard to demand of any specific mode(s)
of operation. From this diagram, equipment reliability, availability, and performance is
assessed as a function of the probability of losing one channel, two channels, and three
channels.** The results of computations for all models are presented in Table 4-3 for a
30-day mission. The computations have been derived to show separately the reliability,
maintainability, and availability (RMA) numerics for the exterior and the interior equip-
ment groups. The RMA numerics for the combined exterior and interior groups are shown
in the “total’” columns. Appendix A (Part VII) contains an explanation of the equations
used to compute the availability, MTBF, and MTTR values shown in Table 4-3.

Failure rate data of block 3.1 in Figs. 4-1 through 4-5 have been adjusted to exclude
certain failures of the YIG notch filter (reference designation P in Fig. 3-5); these are
assumed not to affect mission operation.Jr A functional block level failure modes and
effects analysis (FMEA) performed on the filter resulted in an assessed failure rate for
the YIG notch filter of 6.3221 failures/million hours.

*Figures 4-1 through 4-5 aid in understanding which compunents are utilized in each mode.
**Figure 4-1 for the system reflects demand for all channels simultaneously.
This is based on the assumption that the dominant failure mode is for the YIG to pass all signals and not
be able to notch. It also assumes that CW signals strong enough to defeat the system if not notched are
not present. The failure mode assumption is based on the concentration of failure probability in tuning-
related circuitry. See Section 5.1 for additional discussion.




Table 4-3. Summary of Conceptual ESM Availability.

System-Up MTBF, hours MTTR, hours Availability
Condition Exterior | Interior | Total [ Exterior | Interior | Total | Exterior | Interior| Total

System 217 432 145 032 0.58 | 041 | 0.9985 | 0.9986 10.9972
(all 4 channels)

3 Channels 1860 503 396 | 036 065 | 0.59 | 0.9998 | 0.9987 |0.9985
(Degraded DF)

2 Channels 2099 561 442 0.38 0.69 0.63 | 0.9998 | 0.9988 (0.9986
(DF Failed
Long-Range
Surveillance &
Threat Warning
Degraded)

1 Channel (DF &| 2100 561 442 0.38 0.69 0.63 | 09998 | 0.9988 |0.9886
Long-Range )
Surveillance
Failed)

5.0 DISCUSSION OF RESULTS

The available computations for the 90- and 365-day missions were the same as for
the 30-day mission. Equipment availability, therefore, has reached a steady-state value at
30 days. Availability is relatively high because the predicted repair time is relatively short.
The MTTRs for the various system-up conditions shown in Table 4-3 range from 25 to
38 minutes. Short repair times are predicted on the basis of BITE isolation and localization
and mcdularity of the hardware. Clearance to access mast-mounted equipment may vary
from a few minutes to several hours, depending upon the ship’s operating situation. All
repair times exclude this time delay in order to best reflect inherent design features of
maintainability. It is unlikely that shorter repair times could be achieved on the exterior
equipment unless accessibility (or location) is improved.

The reliability of the exterior group is seen to be lower than that of the interior
group for those system operational modes requiring all four channels. The interior group
reliability is not seen to change as much as that of the exterior group for the various modes
of operation because of the smaller amount of redundancy. Some of the significant contrib-
utors to overall failure rate are discussed below.

5.1 HIGH FAILURE RATE CONTRIBUTORS

Among the high contributors to overall failure rate for the exterior group are
the RF filter and the IIF converter assemblics. From Fig. 4-1, it is scen that thce RF filter
assembly (without the amplifier and diode switch) and the IF converter make up 23%
and 33%, respectively, of the entire system failure rate of, respectively, 34 and 449 of
the exterior group failure rate. A closer look at the RF filter assembly shows that the
YIG tuned notch filter is 20% of the RF filter failure rate. The YIG filter failure rate
is based on an FMEA of failures that disable the function (see Appendix A). A further




examination of the filter piece-parts reveals that the driver electronics are the real failure
contributors in this component. The driver electronics consist of a PCB with hybrid linear
integrated circuits. The failure rate of the internal heater element is not a driving force.

The IF converter failure rate is attributable mainly to the IF amplifier itself — at
35% of the total (less the voltage-controlled attenuators and BITE detectors). The amplifier
failure rate used was taken from manufacturer’s estimate for a GaAs FET amplifier. MIL
Handbook 217B does not provide a specific model for this device, which uses GaAs as the
semiconductor material rather than silicon or a metal oxide. The technology of construc-
tion is not considered advanced, and the failure rate is probably representative of a medium-
power transistor amplifier of about sjx stages.

Based on manufacturer’s information. the RF and the IF amplifiers have been
modeled as four- and six-stage amplifiers, respectively, with two FETs in each stage. For
32 of each type of amplifier, a total of 640 devices are represented in the RF and IF
amplifiers. An additional 228 devices have been modeled for the activity detector. A
total of 868 GaAs FET devices are represented for the entire system at an estimated average
failure rate of 5.5 X 100 for each device and associated circuitry.

The BITE detector w/amplifiers are significant failure items because of the quantity
(73) used. Although their failure does not cause down time, they will require repair. At a
predicted individual failure rate of 18.667 failures/million hours, a maximum of one repair
every 730 hours of operation would be expected from among the 73 BITE detectors.

The high contributors to failure rate in the interior group are the activity detector
and the control and display. The activity detector failure rate derives mainly from GaAs
FET amplifiers and detectors. These devices are used to model the detectors, pulse
amplifiers, and CW amplifiers that monitor signal activity in the 32 bands. These devices
make up approximately 47% of the activity detector failure rate.

The control and display unit, 0J-445/SLQ-32(V), is existing equipment. The
significant contributors to its failure rate are the tape transport unit and the cathode ray
tube (CRT), contributing 14% and 10%, respectively. The remaining failure rate is distri-
buted among 37 SRAs, mostly PCBs.

5.2 SYSTEM INTEGRATION AND PACKAGING CONSTRAINTS

The system maintainability has been modeled to address primarily the difficulty
of repairing mast-mounted equipment. Many of the resulting interface and packaging
constraints are due to the requirements of mast-mounted equipment. The major
interface elements are:

® A blanking signal against the ship’s radars must be provided.

® A semi-rigid cable of approximately 200 ft, containing 32 RF coaxial conductors
and 8 power lines with appropriate loss parameters, must be specified.

® The cable, running from belowdecks to the mast-mounted equipment, should
either be armored or in a protected containment.

® Existing mast structures must be modified, if required, to accommodate the
mast-mounted equipment.

® The location and structure of the mast holding the mast-mounted equipment
must allow a repairman access to the entire equipment circumference at any
time without hazard. or a special equipment-lowering design must be conceived.
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® Redundant primary power must be supplied to the mast-mounted electronics.

e All digital signal inputs and outputs will be specified to be compatible to interface
with the computer interface J«( )/SLQ-32(V) I/O.

5.3 HARDWARE REQUIRING ADDITIONAL RESEARCH

Although the system has yet to be developed into an operational model, there are
three areas which will require additional research. These are:

1. IF crossbar switch (block BM, Fig. 4-1). To date no switch has been found
that fits the exact needs, although preliminary information indicates some manufacturers
are able to fabricate the item.

2. The cable connecting the mast-mounted equipment belowdecks requires
more definition as to type, losses, location, and problem areas to be encountered.

3. The intermediate-level test equipment to be utilized requires study to deter-
mine the applicability of types in use now or being developed by the military. Further, the
applicability of standard test equipment interfaces. such as the IEEE 4 88 bus, should be
investigated.

Study should also be given to consideration of this architecture for possible application on
platforms other than surface ships. Early consideration of such application may result in
subsequent cost savings and aid in the standardization effort for the developed equipment.

6.0 RECOMMENDATIONS

The conceptual ESM analyzed under this study has led to a high-performance,
high-availability system at the cost of a large amount of hardware and modularized RF
assemblies. The complexity of the equipment required to perform the intended function
limits the degree of reliability that can be achieved. It is recommended, therefore, that
some primary areas be investigated further. The recommendations are:

1. Investigate the potential for reducing the part count by reducing the number
of bands or channels without significantly sacrificing performance.

2. [nvestigate the teasibility and reliability of integrating RF components into
“plug-in”’ type packages and standardizing in the manner of the SEM program.

3. Investigate the availability of microwave devices with higher reliability than
commercial or JAN levels. T
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ATE
BITE
CCA
CIC
CRT
CcwW
DAC
DC
DF
ESM
FMEA
FMPO
FR
GaAs FET
IC

IF
IFM
1/0
JAN
LO

LP
MTBF
MTTR

PCB
PMS
PRI
RF
RI
RMA
SEM
SPDT

SPST

SRA
SRU

YIG

ABBREVIATIONS

Automatic test equipment

Built-in test equipment

Circuit card assembly

Combat Information Center

Cathode ray tube

Continuous wave

Digital-to-analog converter

Direct current

Direction finding

Electronic Support Measures

Failure modes and effects analysis
Frequency modulated power oscillator
Failure rate

Gallium arsenide field effect transistor
Integrated circuit

Intermediate frequency
Instantaneous frequency measurement
Input/output

Joint Army-Navy

Local oscillator

Limiter protected
Mean-time-between-failure
Mean-time-to-repair

Naval sheltered environment

Printed circuit board

Planned maintenance system

Pulse repetition interval

Radio frequency

Repairable item
Reliability-maintainability-availability
Standard electronic module

Single pole, double throw

Single pole, single throw
Ship-replaceable assembly
Ship-replaceable unit

Transistor-transistor logic
Ytrium-iron-garnet
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APPENDIX A
PART I — RELIABILITY PREDICTION UNDERLYING METHODOLOGY




AVAILABILITY, MTBF, AND MTTR COMPUTATIONS

Availabilit

y has been determined by assuming an exponential distribution for both

reliability and repair time and using the basic equation,*

_ujt A exp [yt At

A=

where
A =
Hy; =
Ai =
t =

(A-1)
Hit A

Instantaneous Availability of ith plock.

Repair Time of ith

block in hours.
Failure rate of ith block in hours.

Time in hours.

The availability of several blocks connected in series in a reliability block diagram was

determined by,

n
as= A (A-2)
i=1

and, the equivalent failure rate and repair rate was determined by,

A =E7\i (A-3)

and
n
()R
s" =1 i
where
A¢ = equivalent failure rate for the series blocks
l/pS = equivalent repair time for the series blocks.
For the parallel blocks, where one of two is required, A and u were determined by,
A 'a'a'+7\2°b-b'
Ag= 1 (A-5)
and
ME =Hi ) (A-6)

*Derivation of this equation is provided in Part VII of this appendix.
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At

where

a= 1 —_— (A'7)
a
“1 + A] e—b't
b= 1- o (A-8)
a' = py+ts (A-9)
b' = “l +)\l (A']O)
A= 1-(a)(b) (A-11)

For the parallel blocks of four, where at least three out of four are required and the
blocks are identical,

A= u4+4u3(l -a)

@G0 - 4301 - a3 (@) + Q) of1 - a)2a?
HE © 1-A
Moy _
Ay = LEO-A)
‘ A

where

By + A exp {=(u; + At

a =

it A
A= Xl
[

Similarly for the condition of at least two out of four required,

A = a4+4a3(l—a)+(wa"‘(l—u)2
e = -t @ a0 -0k
E 1-A
ME(]—A)
x. = . —
E A




and for at least one out of four required,

A = a%+4a3(1 -a) + 6a2(1 - 2)2 + 4a(1 -a)3
_ 4d -a)
Y
M
- E(l - A)
L

Values of failure rate (A) are taken from the prediction in this appendix. The assembly
number and failure rates shown in the prediction correspond to the blocks defined in the
reliability block diagrams, Figs. 4-1 through 4-5. The lettered reference designations shown
in the blocks of the reliability block diagrams correspond to the lettered items in the
functional block diagram, Fig. 34.
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APPENDIX A

PART II — SOURCE DATA FOR ENGINEERING ESTIMATES
] OF RELIABILITY PREDICTION
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ADJUSTMENT OF YIG NOTCH FILTER FAILURE RATE

The failure rate of the YIG notch filter was adjusted to exclude failures of the filter
that do not affect mission operation. This adjustment was made based on the low prob-
ability that interference is present.

Figure A-1 presents a functional block diagram of the filter. A breakdown of the
failure rates for the blocks is contained in this appendix. The failure modes and effect
analysis is shown in Table A-1. Failure rate for loss of RF output is negligible compared
with those of the other two failure modes shown in Table A-1 and summarized below;
therefore it is not considered for this analysis. The failure mode “‘continuous filtering at
one frequency” will always affect mission operation at that particular frequency. It was
assumed for this analysis that the probability of an emitter of interest at the failed frequency
is 0. The failure mode *‘loss of filtering”” will affect mission operation only when signals
reaching the antenna are being masked by strong interference. The probability of the
presence of strong interference was assumed to be 0.1. The adjusted rate then is

Conditional
Status Initial FR Probability Adjusted FR
1. Loss of RF Output negligible - 0.0
2. Loss of Filtering 19.206 X 107 0.1 1.9106 X 1076
3. Continuous Filtering | 4.4015 X 1076 1.0 4.4015 X 1076
at One Frequency

Total  6.3221 X 107

YiG

RF INPUT F—W% —® RF OUTPUT

aSmiy)

[ Ll
HEATER

DIGITAL
TUNING DAC

INPUT

Figure A-1. YIG notch filter block diagram.
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Table A-1. YIG Notch Filter Failure Modes and Effects Analysis.

Continuous Output

Totals:

Continuous RF Filtering
at One Frequency

—

. Loss of RF Qutput
. Loss of Filtering

w ot

. Continuous Filtering
at One Frequency

*Percentages are estimated probability of failure mode.

Block
Location Block Failure Rate
On Diagram Failure Mode Effect on Equipment Performance X 1070
i YIG Open Loss of RF Output Negligible (<0.1)

Loss of Filtering Loss of Filtering 1.6

DRIVER No Qutput Loss of Filtering 17.895 X 80%*
Continuous Output Continuous RF Filtering 17.895 X 20%*

at One Frequency
DAC No Qutput Loss of Filtering 41125 X 80%*

4.1125 X 20%*

Negligible
19.206
44015




APPENDIX A
PART III — PIECE-PART FAILURE RATE LISTINGS
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FAILURE RATE BACKUP DATA
POWER SWITCHES

Toggle switch; part of digital receiver, component No. 17; mainframe chassis part
module 1A1.
Assumptions

Switch type:  snap action
Environment: Ng = IIE =1.2

Contact form: SPST—» [Ic =1.0

Cycling rate: <l/hour—11 =1.0

cycle
Quality level: commercial - A, =0.75

kp = )\b (HE X HC X ﬂcycle)

=0.75(1.2X1.0X1.0)

=0.90

Toggle switch; part of units 2 and 3 of the IFM converter power control panel,
component 15; mainframe chassis module PS1.

Assumptions

Switch type: snap action
Environment: NS - "E =12

Contact form: DPDT —» Hc =3.0
Cycling rate:  <l/hour » ncycle =1.0
Quality level: commercial - Ap=0.75

Ap = Ap Mg X My ge X M)

=075(12X1X3)

=2.7

188

Lo A S A




COMPONENT NAME: BITE DETECTOR W/AMPLIFIER

Piece-Part Name Quantity A Source
Detector, Si, Schottky microwave 1 1175 MIL-HDBK 217B, 50°C, 20% siress
IC, linear, 25 transistors 1 0.825 | MIL-HDBK 217B, 45°C, Class B-2
IC, linear, 15 transistors 1 0.655 MIL-HDBK 217B, 45°C, Class B-2
IC, linear, 6 transistors 1 0.437 MIL-HDBK 217B, 45°C, Class B-2
Total: 13.667
A = Failure rate in failures/million hours
COMPONENT NAME: IF AMPLIFIER
Piece-Part Name Quantity A Source
FET, dual 6 32558 MIL-HDBK 217B, 75°C, 50% stress
Other - 0.75
Total: 3.33 Vendor estimate
\ = Failure rate in failures/million hours
COMPONENT NAME: DIODE SWITCH
Piece-Part Name Quantity A Source
Point contact diode 6 425 MIL-HDBK 217B, 50°C, 30% stress
Transistor, NPN, Si, general 4 126 | MIL-HDBK 217B, 50°C, 10% stress
purpose
Diode, general purpose 4 1.68 MIL-HDBK 217B, 50°C, 10% stress
Other — 2.8
Total: 999 Vendor estimate
A = Failure rate in failures/million hours
COMPONENT NAME: RF AMPLIFIER
Piece-Part Name Quantity A Source
Transistor, FET, dual 4 21.7 MIL-HDBK 217B, 75°C, 50% stress*
Other — 0.5
Total: 222 Vendor estimate

A = Failure rate in failures/million hours

*Temperature and stress raised to account for GaAs material processing
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COMPONENT NAME: POWER SUPPLY,+15Vor-15V

Piece-Part Name Quanuty A Source
IC linear, 20 transistors 2 1.53 MIL-HDBK 217B
Transistor, NPN, Si, power 3 3.6 MIL-HDBK 217B, 55°C, 80% stress
Transistor, NPN, Si, general 5 315 MIL-HDBK 217B, 50°C, 70% stress
purpose
Other 2.88
Total: 8.33 Vendor estimate

A = Failure rate in failures/million hours

COMPONENT NAME: POWER SUPPLY, 5 V

Piece-Part Quantity A Source
IC, linear, 20 resistors 4 3.06 MIL-HDBK 217B
Transistor, NPN, Si, power 6 135 MIL-HDBK 217B, 55°C, 80% stress
Transistor, NPN, Si,general 10 63 MIL-HDBK 217B, 50°C, 10% stress
purpose
Resistor, RJ 2 10.35 MIL-HDBK 217B, 50°C, 10% stress,
(staked position factor of 0.3)
Other 9.46
Total: 37.0 Vendor estimate

X = Failure rate in failures/million hours

COMPONENT NAME: VOLTAGE-CONTROLLED ATTENUATOR

Piece-Part Name Quantity A¥ Source
Diode, pin 6
Hybrid IC, 100 transistors 1
Total: 20.0 Vendor estimate

A = Failure rate in failures/million hours

*Failure rates not yet apportioned. Vendor estimate is assumed.
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COMPONENT NAME: VOLTAGE-CONTROLLED OSCILLATOR

Piece-Part Name Quantity A* Source
Varactor diode 1
Transistor, NPN, Si, low-power, 2
25V,50Ma
Transistor, NPN, Si, power, 2
100V,5A
IC, hybrid
IC linear 4

Total: 20.6 Vendor estimate

A = Failure rate in failures/million hours

*Failure rates not yet apportioned. Vendor estimate is assumed.

COMPONENT NAME: OSCILLATOR (CAVITY)

Piece-Part Name Quantity A Source

Diode, avalanche 1 1.8 MIL-HDBK 217B, 50°C, estimated
correction factor of 20 for Gunn
device

1C, linear, 20 transistors 1 11.477 MIL-HDBK 217B, 50°C

Transistor, NPN, Si 1 1.068 MIL-HDBK 217B, 50°C, 30% stress

Diode, rectifier, Si 1 045 MIL-HDBK 217B, 40°C

Connector, RF coax 2 3.26 MIL-HDBK 217B

Resistors, film, QN 20 46 MIL-HDBK 217B, 50°C, 30% stress

Capacitor, CKR, 125°C ) 0.1 MIL-HDBK 217B, 50°C, 20% stress

Capacitor, CSR 4 .047 MIL-HDBK 217B, 50°C, 50% stress

Hybrid microstrip 10 Engineering estimate

Total:

19.662

\ = Failure rate in failures/million hours




COMPONENT NAME: YIG NOTCH FILTER

A
Piece-Part Name Quantity X 10’6 Source

YIG

YIG device 4 negligible

Heater 1.6 MIL-HDBK 2178, thermistor bead

Connections 20 negligible | (<0.1 X 10'6)
DRIVER

Transistor, PNP, Si, >1 W 4 1.84 MIL-HDBK 217B, Sec. 3

Transistor, NPN, Si 1 0.28 MIL-HDBK 217B, Sec. 3

Diode, Zener 4 096 MIL-HDBK 217B, Sec. 3

Diode, general purpose 2 0.44 MIL-HDBK 217B, Sec. 3

IC, linear <32 transistors, class C-1 1 12.15 MIL-HDBK 2178, Sec. 3

Resistor, RJ p 2.225 MIL-HDBK 217B, 50°C, 10% stress
DAC

IC, linear, >32 transistors, class B-2 1 30 MIL-HDBK 217B, Sec. 3

Resistor, RJ 1 1.1125 | MIL-HDBK 217B, 50°C, 10% stress

Total: 23.6075

\ = Failure rate in failures/million hours
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APPENDIX A
PART VII — DERIVATION OF AVAILABILITY EQUATION

Reprint of “System Availability Analysis” by | Bosinoff
and D Fradette, Sylvania Electronic Systems Co. Paper
presented at Electronic Industries Association meeting
MS.3, 28 June 1969.
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A mathematical model of system availability is developed for application
to electronic systems. The application of this model results in a complete
reliability and maintainability analysis and formalizes the evaluation of these
systems.

Let A(t), a vector, (probability nf being in a specific state at a given time (t))
be defined as the availability of the system as a function of time. The definition
of the derivative A(t) is:

At) = lim At? i‘t’ = Alt) ()

At—0

We further define p(At), a matrix, as the transition probability, i.e., the
probability of going from Aft) to A(t + At). Therefore

At + At) = p(At)A(t) (2}

Substituting equation (2) into (1) results in

and

_ [p(At) . 1]
Alt) = A(t) lim e (4)
At—0
where I ia the unit matrix. .

The matrix I is required because it enables A(t) to be factored out of the
expression.

Define the matrix Q by

plat) - 1
Q= lim [ T ] (5)
At—0
then
Alt) = Alt)Q (6)
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This is a2 set of first order linear differential equations. The solution of

this system of equations is given by:

Alt) = A(o)th (7)
where A(o) is the initial probability vector and th is defined by its Taylor series.
Therefore,

(o)’

This result can be verified by substitution in equai.on (6).

In a stationary system the rate of change of availability, defined by A(t),
will approach zero as time increases. Specifically att = «, A(t) = 0 and

therefore from equation (6) we have
0 = A(»)Q (9)

Thus, this steady state solution can be satisfied only if the matrix Q is

singular, i.e., its determinant is zero.

Demonstration Problems

An appreciation of the power of this model may be obtained by applying the
above procedure to a one unit system and obtaining solutions for the availability.
A second example of a two unit system will be given where the transition matrix is

derived.

A. One Unit System

Figure 1 is a one unit system.

Unit 1

R = probability of
unit working

M = probability of
repairing unit
if not working

Figure 1
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This system has 2? possible states which are tabulated in Table 1.

State Unit
1 Working (0)
2 Failed (1)
Table 1

The transition probabilities, p(At), are the probabilities of being in a
specific state and either remaining in that state or going to another state. These

are given in Table 2.

P11 P2

P21 P22

Table 2

where
P} = the probability of being in state one and remaining there.
Py, = the probability of being in state one and going to state two etc.

Substituting the probabilities shown in Figure 1 into Table 2 results in
Table 3.

R (1-R})
M {1-M)
Table 3

where

(1-R) = probability of unit failing

(1-M) = probability of unit not being repaired




If the units a1z independent and the chance of failure or repair does not
depend on past history, the exponential functions can be used to describe the
probabilities of Table 3.

R(at) = e~ ™t a1 - aat (10)
Mlat) = 1 - e *8t w pat (1)
where
A = failure rate
4 = repair rate
-AAt . . .
e = probability of zero failures in At
1-e HAt probability of at least one repair in At
We now solve for the terms of the Q matrix from the following relationship:
Q= lim [P(Atz -1 (12)
At—-0
therefore
Qi = lim M-L‘im 1-Aat-1_ 5 (13)
o At—0 At at—0 Bt
Q) = Um %=hm %”‘ (14)
At—0 At—0
. 12 . AAt
q,, = lim =t © lim T:A (15)
12 at—0 2t At—0 t
Py, - 1 . R
q,, = lim Zit = lim 2 “Att LI (16)
At—0 At—0
The Q matrix is therefore
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(17)

and since A(t) = A(t)Q it is possible to write the 27 linear differential equations.

These are
a (t) = - da,(t) +pa,lt)
a,(t) = Aa (t) - pa,(t)
To solve this system of equations we assume solutions of the form
al(t) = A’
a.z(t) = BeS:

Substituting into equations {18) and (19) and simplifying one gets

As = - AA + uB
Bs = 0AA - uB }
or
0=- A(s +A)+uB
0 =2AA -B(s +p)
We can now solve for s by setting the determinant equal to zero
-(s +Ad) H
D= =0
A (s + u)
therefore

(s +A)s + ) «~u=0
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and
s=0and 8 = - (XA + p)

Solutions to the system of equations given by (18) and (19) will therefore be

of the form

a.l(t) = Ale' (At + AZ]

(26)
- -(Atplt
a.z(t) = Ble + B2
First consider s = -(A + i) and substitute into equation (23).
0= -Al[- ()\+u)+).]+p.Bl
(27)
0=2A, -Bl[- A +p) + u]
From this we have that A| = - B, (28)
For s = 0 we have
0=- AZX + IJ.BZ
(29)
0= MZ. - “BZ
From this
B2 30
A= x (30}

Using the initial conditions will enable us to get solutions for Al’ Az. Bl. Bz

a,(0)=1 a,0)=0 (31

From equation {26) this gives

1

A+ A

BX+BZ

o
1"
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or

A1=1-AzmdBl=-Bz {33)

Utilizing equations (28), (30), and (33) we solve for Al' AZ' Bl' BZ'

HB,
A1=1-T=-BI=BZ (34)
Therefore
KB, A
1-—X—=Bzor52=m (35)
B. z-< 36
f 15" X7% (36)
“Bz
= _ uoo_ A
Azl =l-y5=x73 (37)
A, =l-A =1-2 =K (38)
2 1 X+p A+g

The solutions for a, (t) and az(t) are therefore

Ae'(kﬂ‘)t

b
U el o (39)

A xe-(kﬂt)t
a (t) = -
2 A+ u A+ U

(40)

The steady state availabilities are easily obtained from equations (39) and
(40) by letting t—e

a,l(-o) = 1—{:‘_‘ (41)
= 42
az (‘) = m ( )
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APPENDIX B
MAINTAINABILITY PREDICTION
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1.0 DEFINITION OF PREDICTION EQUATIONS

The prediction equations used for the development of the conceptual ESM are taken
from section 2.4 of Ref. 4. This model was chosen over MIL-HDBK-472 because it is based
on more recent data analysis, more closely represents this equipment’s state-of-the-art and
may be updated with more detail as the development evolves. The mathematical model
used is given by the following relationships:

n

MTTR= D T, (B-1)
m=1

Ty =Tp+ Tpp+ Tgp + Tp+ Ty + TR+ Tp + T+ Tgp (B-2)

Vp
2 *p, Tp,
p— =l
T = .Y__._____
P v
2 Ap,
v=1

VEIL

Z r1, TFI,
il S,

(B-3)

(B-4)

TgR = (B-5)

(B-6)
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Definition of Prediction Equations (Cont.)

(B-7)

M|
AN T
El L Ti,
Tl=v=

M
2N,
v=1

YR

TR=— (B-8)

YR

- v
_ v=l (B-9)

(B-10»)

VST
A
> sT, TsT,
- v=l

VST

> AST,
v=1

Table B-1, taken from Ref. 4, provides a definition of the maintenance task times and
Table B-2, also from Ref. 4, provides a definition of the mathematical model terms

used in this appendix.

Tgr (B-11)
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Table B-1. Definition of Maintenance Task Times.

Maintenance
Element Time

Abbreviation®*

Definition

Preparation

Fault Isolation

Fault Correction

® Spare Retrieval

® Disassembly

® |[nterchange

® Reassembly

T

nj

nj

Time associated with those tasks required to be
performed before fault isolation can be executed.
Examples: obtain, set up, and warm up test
equipment; apply power and cooling to system,
warm up and stabilize; input system

initialization parameters.

Time associated with those tasks required to
isolate the fault to the level at which fault
correction begins. Examples: load, run, and
interpret results of a diagnostic program;
examine fault isolation symptoms, locate
symptoms in maintenance manual, follow
manual procedures to point where replaceable
item or group of replaceable items is
identified.

Time associated with obtaining a spare
replaceable item or group of replaceable items
from the designated spares area.

Time associated with gaining access to the
replaceable item(s) identified during the fault
isolation process. Examples: opening cabinet
doors, pulling out equipment drawers, removing
CCA retaining bars; technician transit time to

a remote equipment.

Time associated with the removal and
replacement of a fault replaceable item or
suspected faulty items. Examples: removing
screws, connectors, solder joints; extracting and
inserting the replaceable item; application of
conformal coating, heat transfer paste.

Time associated with closing up the equipment
after interchange is performed, i.e., the opposite
process of disassembly.

*Abbreviations used in the prediction mathematical models. Time to perform the m

th elemental

task (P, FI, SR, D, I, R, A, C, ST) for the nth Ry given the jth fault-isolation result.
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Table B-1. Continued.
Maintenance
Element Time Abbreviation* Definition
® Alignment Ta . Time associated with aligning or calibrating
ny the system or Rl after a fault has been
corrected.
® Check-out T Time associated with the verification that a
C._.
n fault has been corrected and the system is
operational.
Start-up Tgt . Time assaciated bringing a system up to the
n

operational state it was in prior to failure, once
a fault has been corrected and verified.

*Abbreviation used in the prediction mathematical models.




Table B-2. Definition of Early Prediction Model Terms.
TPv Time required to prepare a system for fault isolation using the vil' method
TFIV Time required to isolate a fault using the viP method
TSRV Time required to obtain a spare using the vth method
TDv Time required to perform disassembly using the vih method
T&, Time required to perform reassembly using the vih method
Tlv Time required to interchange an Rl using the vl method
T A, Time required to align or calibrate an Rl using the vt method
TCV Time required to check a repair using the vt method
TSTV Time required to start up a system using the vth method
)\Pv Failure rate of Rls associated with the vih method of performing preparation
’\Flv Failure rate of Rls associated with the v\ method of performing fault isolation
ASRV Failure rate of Rls associated with the vih method of performing spare retrieval
7\Dv Failure rate of Rls associated with the vi!! method of performing disassembly
)\Rv Failure rate of Rls associated with the vt method of performing reassembly
)\lv Failure rate of Rls associated with the vt method of performing interchange
A Av Failure rate of Rls associated with the vih method of performing alignment
7\Cv Failure rate of Rls associated with the vt method of performing check-out
ASTV Failure rate of Rls associated with the v'! method of performing start-up
Vp Number of unique ways to perform preparation
Ve Number of unique ways to perform fault isolation
VSR Number of unique ways to perform spare retrieval
Vb Number of unique ways to perform disassembly
VR Number of unique ways to perform reassembly
Vl Number of unique ways to perform interchange
\4 A Number of unique ways to perform alignment
206
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Table B-2. Continued.

Number of unique ways to perform check-out

Number of unique ways to perform start-up

Average number of Rls contained in a fault-isolation result

Average number of interchanges required to correct a fault

Number of unique accesses (A < Vpy or V)

Average number of unique accesses required per fault-isolation result

th

Failure rate of the Rls that require the a™ type of access

Total system failure rate

Time required to disassemble the ath access

Time required to reassembly the ath access

2.0 ASSUMPTIONS

The assumptions made for purposes of this prediction were:

® TSR is equal to zero not considered part of inherent MTTR.

L] TP is equal to zero at organizational level, not required.

T A and TC are equal to zero at organizational level; performed automaticaily
by BITE and calibration.

o fST is equal to zero at organizational level; not required since system is not
shut down,

® Access time for mast-mounted equipment assumes tolerable sea state, no stack
gases interfere, and no coordinated shutdown of radar required.

® BITE isolates to an SRU for exterior group.

3.0 ORGANIZATIONAL-LEVEL REPAIR ANALYSIS

MTTR for equipment without regard to redundancy may be calculated using
Egs. (B-1) through (B-11); however, for purposes of this study and to incorporate the
effect of redundancy, SRU repair times were computed according to,

Rl = E TMV = TPV + TFlv + TSRV + TD/RV + Tlv + TAV + TCV (B'lz)

where

R; = SRU repair time of ith SRU

Values of TM are taken from Table B-3 and are shown in Table B-5, data analysis Sheet B.

The time synlhcsls is shown in Table B-4.
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Table B-3. SRU Time Summary.

INTERIOR

MTTR Element Tyv:
(m) v Description of the vih Method min AMv

Fault Isolation 4 Display patterns 4.0 2961223

5 Display patterns and computer 11.0 54917
diagnostics

Disasserubly/ 3 Interior equipment drawers 1.33 2716.852

Reassembly 4 Digtal receiver 1.14 299.288

Interchange 3 Digital receiver 190 299.288
4 IF crossbar 16.81 260.304
S IF filter, JFM converter, amp. encoder 1.81 832.210
é PCB removal 1.06 1616.167
7 Hardwired assembly removal 6.00 8.171

Check-out 1 No check-out - -

Start-up 1 No start-up - ~

Alignment 1 No alignment - -~

EXTERIOR
MTTR Element Tmv:
(m) v Description of the vth method min )‘MV

Fault Isolation 1 BITE check 0.0 9473.628
2 Display patterns 4.0 249.325
3 Display patterns and computer 11.0 33.820

diagnostics

Disassembly/ 1 Radome 16.07 29.842

Reassembly 2 Exterior equipment drawers 1547 9726.931

Interchange 1 RF Rl sets (6) 3.31 9503.470
2 Plug-in Rl sets (4) 081 253.303

Spare Retrieval
Preparation
Alignment
Check-out

Start-up

No spare retrieval
No preparation
No alignment

No check-out

No start-up
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Table B-4. SRU Time Synthesis.

INTERIOR
MTTR Element Method Step
Fault Isolation Display 1. Interpret display
patterns 2. Operator control/interaction
Total Time 4.0
Display 1. Interpret display 2.0* 1
patterns and 2. Operator control/finteraction 2.0%
computer 3. Load diagnostics 0.5*
diagnostics 4. Run diagnostics 5.0%
S. Interpret results 1.5%
Total Time 11.0
Disassembly/ Interior 1. Remove/replace ATE latches (2) 1.14%*
Reassembly equipment 2. Pull out push in drawer 0.19**
drawers
Total Time 1.33 :
Digita! receiver 1. Remove/replace ATR latches (2) 1.14%#
Total Time 1.14
Interchange Digital receiver 1. Disconnect/reconnect SMA cable 0.50*
2. Disconnect/reconnect BNC cables (3) 0.51**
3. Disconnect/reconnect circular cables (2) 0.40*
4. Pulf out/push in digital receiver RI set 0.49*
Total Time 190
IF crossbar 1. Disconnect/reconnect SMA cables (32) 16.0*
2. Remove/replace Rl set hold-down 0.56%*
thumbscrews (4)
3. Remove/replace Rl set 0.25%
Total Time 16.81
IF filter, IFM 1. Disconnect/reconnect SMA cables (32) 1.00*
converter,amp 2. Remove/replace Rl set hold-down 0.56**
encoder thumbscrews (4)
3. Remove/replace RI set 0.25*
Total Time 1.81
PCB removal 1. Remove/replace PCB hold-down screw 0.56**
2. Remove/replace PCB 0.5%
Total Time 1.06 1
Hardwired 1. Remove/replice 5 wire connections 5.0%
assembly 2. Remove/replace 4 hold-down screws 1.0*
removal
Total Time 6.0

*Engineering Estimate

**Time Standard
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Table B-4. Continued.

EXTERIOR
MTTR Element Method Step
Fault Isolation BITE check 1. Check will be made automatically, inter-
leaved with system operations
2. Respond to BITE analysis
F Total Time  0.0*
Display 1. Interpret display 2.0*
patterns 2. Operator control/interaction 2.0*
Total Time 4.0
Display 1. Interpret display 2.0*
patterns and 2. Operator control/interaction 2.0*
computer 3. Load diagnostics 0.5*
diagnostics 4. Run diagnostics 5.0*
5. Interpret results 1.5¢%
Total Time 11.0
Disassembly/ Radome 1. Access mast 15.0*
Reassembly 2. Remove/replace radome clamp (similar to 0.07**
spring clip latch)
3. Remove/replace radome 1.0*
Total Time 16.07
Exterior 1. Access mast 15.0*
equipment 2. Remove/replace drawer lift and turn 0.28*
drawers latches (4)
3. Pull out/push in drawer 0.19%*
Total Time 1547
Interchange RF Ri sets: 1. Remove/replace Rl set thumbscrews (4) 0.56*
Antenna 2. Disconnect/reconnect SMA cables 2.50*
RF amplifier (average 5)
IF converter 3. Remove/replace Rl set 0.25*
i Oscillator
; BITE
! RF switch
i Total Time 3.31
} Plug-In RF Sets 1. Remove/replace Rl set thumbscrews (4) 0.56**
: Power Supply 2. Remove/replace Rl set 0.25*
Control
Commutator
Sensor
Total Time 0.81

**Time standard

*Engineering Estimate




Table B-5. SRU Data Analysis Sheets.

Sheet A-1
A A A
SRU Description QTY FI, Flp Fl3
Antenna 8 29.842
RF Switch 4 106.242
RF Amplifier 32 3997816
IF Converter 1 4 512.369
L1} 8 1212.101
11 20 2696.049
Oscillator 11 2 330927
I 5 413.659
BITE & Cal Counter i 204 465
Control i 33.820
Commutator 1 4.808
Power Supply 4 156.076
Sensor 1 58.599
A Totals 9473.628 249.325 33.820
Sheet A-2
A A
SRU Description QTY D/ R] D/ R2
Antenna 8 29.842
RF Switch 4 106.242
RF Amplifier 32 3997816
IF Converter 1 4 512.369
111 8 1212.101
11 20 2696.049
Osciltator I 2 330927
| S 413.659
BITE & Cal Control 1 204.465
Control 1 33.820
Commutator 1 4.808
Power Supply 4 156.076
Sensor 1 58.599
A Totals 29.842 9726931
211
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Table B-5. Continued.

Sheet A-3
SRU Description QTY My M,
Antenna 8 29.842
RF Switch 4 106.242
RF Amplifier 32 3997816
IF Converter 1| 4 512.369
I 8 1212.101
H 20 2696.049
Oscillator §| 2 330927
I 5 413.659
BITE & Cal Counter 1 204 465
Control 1 33.820
Commutator 1 4.808
Power Supply 4 156.076
Sensor 1 58.599
A Totals 9503.470 253.303
Sheet A4
SRU Description QTY >\Fl4 )\FIS
IF Crossbar 1 260.304
Digital Receiver 2 299.288
IF Filter 4 145.715
Amplitude Encoder 4 178911
IFM Conv 2 504.584
Activity Detector 32 1536.737
Activity Processor 8 48.866
Command & Control 1 8.051
Power Control Panel 1 32.684
X Totals 2961.223 54917
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Table B-5. Continued.

Sheet A-5
A A
SRU Description QTY D/R; D/R,4
IF Crossbar 1 260.304
Digital Receiver 2 299.288
IF Filter 4 145.715
Amplitude Encoder 4 178911
IFM Conv 2 504.584
Activity Detector 32 1536.737
Activity Processor 8 48.866
Command & Control 1 6.051
Power Control Panel 1 32.684
A Totals 2716852 299.288
Sheet A-6
A Al Al A Al
SRU Description QTY 3 4 5 6 7
I Crossbar 1 260.304
Digital Receiver 2 299.288
IF Filter 4 145.715
Amplitude Encoder 4 178911
IFM Conv 2 507.584
Activity Detector 32 1536.737
Activity Processor 8 48.866
Command & Control 1 6.051
Power Control Panel 1 24513 8.171
\ Totals 299.288 260.304 832210 1616.167 8.171
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Table B-5. Continued.

Sheet B-1

SRU Description QTY TFIv TD/ R, Tlv
Antenna 8 40 16.07 3.31
RF Switch 4 00 16.07 3.31
RF Preamp 32 00 16.07 3.31
IF Converter 32 0.0 16.07 3.31
Oscillator 78 00 16.07 3.31
BITE & Cal Control 1 0.0 16.07 3.31
Control 1 11.0 16.07 0.81
Commutator 1 4.0 16.07 0.81
Power Supply 4 40 16.07 0.81
Sensor 1 40 16.07 0.81

Sheet B-2

SRU Description QTY TF‘v TD/ R, Tlv
IF Crossbar 1 40 1.33 16.81
Digital Receiver 2 40 1.14 19

IF Filter 4 40 1.33 1.81
Amplitude Encoder 4 40 1.33 1.81
[FM Conv 2 40 133 1.81
Activity Detector 32 40 1.33 1.06
Activity Processor 8 11.0 1.33 1.06
Command & Control 1 110 1.33 1.06

Power Control Panel 1 40 1.33 1.06 & 6.00




4.0 INTERMEDIATE-LEVEL REPAIR ANALYSIS

Intermediate-level repair does not affect inherent availability because it is assumed
that organizational level always has a sufficient quantity of spare SRUs. This assumption is
valid since the expected MTBF of SRUs is much greater than the expected repair time at the
intermediate level. Intermediate-level repair time, however, becomes important to overall
equipment operational support characteristics and life cycle costs and is, therefore, provided
as reference information. Equations (B-1) through (B-11) were used to compute the MTTR
and Eq. (B-12) was used to determine SRA level repair time. Tables B-6 through B-8 provide
the intermediate-level repair data.

4.1 INTERMEDIATE-LEVEL MTTR
From the values shown in Table B-6,

T (5.25)(10014) + (0.0)(1961.27)

Tp= 1197527 =439
Similarly,

Tpp = 20.37

Tgr = 25.29

Tp/r = 045

T, =277

Ty =096

Te =371

and,

Ty =4.39+2037+2529+045+277+096+3.71 =57.94




T

Table B-6. SRA Time Summary.

INTERIOR
MTTR Element Tmv:
(m) v Description of the vt Method min AMv
Preparation (P) 1 Turn on, warm up automatic 5.25 -
test equipment

2 No preparation 0.0 -

Fault Isolation (FI) 4 Automatic test & operator interpretation  23.5 1201.22
of interior RI sets

5 No fault isolation 0.0 1536.74
Spare Retrieval (SR) 3 Interior Rl spares 30.0 1201.22

4 No spares 0.0 1536.74
Disassembly/ 3 2nd IF amp., amplitude & frequency 0.59 164.51
Reassembly (DR) encoders

4 No disassembly/reassembly 0.0 2573.45
Interchange (1) 4 RFRI 343 840.5

5 PCB RI 0.11 360.7

6  Nointerchange 0.0 1536.74
Alignment (A) 3 No alignment - -
Check-out (C) 4 Interior RI set 3.75 1201.22
Start-up (ST) 1 No start-up - -
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O eeRrIeTE®e6. Continued.
EXTERIOR

MTTR Element X Ty N
(m) v Description of the Vi Method min MV
Preparation (P) 1 Turn on, warm up automatic 5.25 10014
test equipment
2 No prep 0.0 1961.27
Fault Isolation (FI) 1 Automatic test & operator interpretation  24.24 8894.68
of exterior RF RI sets
2 Automatic test & operator interpretation  24.25 -
of exterior plug-in RI set
3 No fault isolation 0.0 342.63
Spare Retrieval (SR) 1 Exterior Rl spares 30.0 8894.68
2 No Spares 0.0 342.63
Disassembly/ 1 Exterior plug-in Rl set 0.59 8894.68
Reassembly (D/R) 2 No Disassembly/reassembly 0.0 342.63
Interchange (I) 1 RF RI 343 8842.77
2 PCB RI 0.11 5191
3 No interchange 0.0 342.63
Alignment (A) 1 RI sets w/BITE sensor 1.25 8277.37
2 BITE RI set 5.25 219.51
3 No alignment 0.0 74043
Check-out (C) 1 RF Rl set 4.5 8836.08
2 Plug in RI set 3.5 58.60
3 No check-out 0.0 342.63
Start-up (ST) 1 No start-up - -
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Table B-7. SRA Time Synthesis.

INTERIOR
Time,
MTTR Element Method Step min
Preparation Turn on, warm 1. Turnon 0.25*
up automatic 2. Allow warm-up time 5.00*
test equipment
Total Time 5.25
Fault Isolation Automatic test 1. Install and connect (average 2 SMAs) to ATE 0.50*
of interior R 2. Run test 3.00*
sets 3. Operator interpretation of test results 20.0
Total Time 23.5
Spare Retrieval Interior RI 1. Obtain from supply through normal 30.0*
spares channels
Total Time  30.0
Disassembly/ 2nd IF amp., 1. Undo/redo DZUS fasteners (4) 0.25%*
Reassembly amplitude & 2. Remove/replace Rl set cover 0.07*%*
encoders
Total Time 0.59
Interchange RF RI 1. Remove/replace SMA cables (average 3) 1.50*
2. Remove/replace hold-down screws (4) 1.68%*
3. Remove/replace R1 0.25%
Total Time 343
PCB RI . Remove/replace Rl 0.11%*
Total Time 0.01
Check-out Interior RIset 1. Run test 3.00*
2. Disconnect RI set (average 2 SMAs) from ATE 0.50*
3. Place Rl set in spares rack 0.25*
Total Time 3.75
*Engineering estimate

**Time standard
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Table B-7. Continued.
EXTERIOR Time,
MTTR Element Method Step min h
Preparation Turnon,warm 1. Turnon 0.25*
up automatic 2. Allow warm-up time 5.00*
' test equipment
Total Time 5.25
; Fault Isolation Automatic test 1. Install & connect (average 5 SMAs) to ATE 1.25%
of exterior 2. Run test 3.00*
t RF RI sets 3. Operator interpretation of test results 20.00*
‘ Automatic test 1. Install (plug-in) in ATE 25"
of exterior 2. Run test 3.00*
plug-in RI set 3. Operator interpretation of test results 20.00*
Totai Time 24.35
Spare Retrieval Exterior R1 1. Obtain from supply through normal channels 30.0*
spares
Total Time 30.0
Disassembly/ Exterior Plug- 1. Undo/redo DZUS fasteners (4) 0.52*
in RI set 2. Remove/replace Rl set cover 0.59*
Total Time  0.59**
Interchange RF Rl 1. Remove/replace SMA cables (average 3) 1.50*
2. Remove/replace hold-down screws (4) 1.68*
3. Remove/replace Rl 0.25%
Total Time 3.43
PCB RI 1. Remove/replace RI 0.11*+
Total Time 0.11
Alignment RI set w/BITE 1. Activate alignment function on ATE 0.25*
sensor 2. Adjust sensor threshold level to proper reading 1.00*
Total time 1.25
BITE RI set 1. Activate alignment function on ATE 0.25*
2. Perform adjustment as needed to bring set 5.00*
into spec.
Total Time 525
Check-out RF RI set 1. Run test 3.00*
2. Disconnect Rl set (average 5 SMAs) from ATE 1.25*
3. Place RI set in spare rack 0.25*
Total Time 4.50
Plug in Rl sct 1. Run test 3.00*
2. Disconnect Rl set from ATE 0.25*
- 3. Place Rl set in spares rack 0.25¢%
Total Time 3.50
*Engineering estimate
_ l **Time standard
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A A p Y Y A
SRA Description Qty x"l 7\?2 Fy )‘Fs )‘“1 Fly )‘SRl )‘SR3 XSR,‘ D/R, | “D/R, [ “D/R, )‘D/R4

Cable compensator 32 51.2 512 51.2 512 |
IF crossbar 1 71.9 779 719 779 |!
Tuner plug-in 2 | 145.1 145.1 145.1 145.1 |
Mainframe w/o A2 2 75.37 75.37 75.37 75.37 | :
A2 PCB 2 24 24 24 24 ’
SPDT IF switch 8 80 80 80 80
Tunable bandpass filter, YIG 4 39.82 398 39.8 398
Cal. microprocessor 4 3.97 397 3.97 3.97
Activity detector 32 1536.74 1536.74 1536.74 1536.74
Adder 8 9.58 9.58 9.58 9.58
A/D conv 1 5.16 5.16 5.16 5.16
Microprocessor 8 34.13 34.13 34.13 34.13

{ A/D converter 4 10.68 10.68 10.68 10.68
Detfamp 4 29.75 29.75 29.75 29,715
Microprocessor 4 4.28 4.28 4.28 4.28
Data revr 1 3.03 3.03 3.03 3.03
Data xmtr 1 3.02 3.02 3.02 3.02
Relay 1 55 55 55 5.5
Regulator assy 1 743 743 7.43 7.43
Rectifier assy 1 1.4 14 1.4 1.4
Transformer assy 1 0.37 0.37 0.37 0.37
Filter assy 1 0.74 0.74 0.74 0.74
Remote power control 1 1.38 1.38 1.38 1.38
Parameter meas 1 64.16 64.16 64.16 64.16
Power supply 4 304 304 304
Log periodic antenna 8 4.0 4.0 4.0 4.0
Disectional coupler 81 | 1296 129.6 129.6 129.6
Diode switch w/limiter 4 53.2 53.2 53.2 53.2
Multiplexer 5 50.0 50.0 50.0 50.0
Bandpass filter 72 { 360 360 360 360
Isolator 108 | 540.0 540.0 540.0 540.0
Notch filter, YIG 32 | 768 768 768 768
Diode switch 64 | 640 640 640 640
RF amplifier 32 | 7104 7104 7104 710.4
BITE detector/amp./BITE 73 124309 2430.9 2430.9 2430.9

comparator :

Mixer 36 61.57 61.57 61.57 61.57
Volt cont atten 64 (1319 1319 1319 1319
IF amplifier 32 |1065 1065 1065 1065
Oscillator 9| 290 290 290 290
Power divider, 2-way 371 925 92.5 92.5 92.5
Modulator 5 25 25 25 25
Oscillator, VCO s 1 100 100 100 100
Waveform generator 5 51.91 5191 51.91 5191
Power divider, 4-way 11 42.6 426 42.6 426
Signal separator 64 | 1024 1024 1024 102.4
Control 1 33.82 33.82 33.82
Commutator 1 4.81 4.81 4.81
Temperature board 1 7.69 7.69 7.69 7.69
Voltage & current board 1 50.91 50.91 5091 50.91
Power supply 1 15.86 15.86 15.86 15.86
Chassis parts 2| 7049 70.49 70.49 70.49
Power supply 2| 4168 41.68 41.68 41.68
X/Y video amp 2 32.03 32.03 32.03 32.03
X/Y video amp 2 32.03 32.03 32.03 32.03
Video & CW alarm 2 30.91 3091 30.91 30.91
X/Y video amp 2 32.03 32.03 32.03 32.03
X/Y video amp 2 32.03 32.03 32.03 3203
Discrim heat ctrl 2 7.04 1.04 7.04 7.04
Chassis parts 2 81.63 81.63 81.63 81.63
Power supply 2 31.68 31.68 31.68 31.68
Abs value amp 2 19.93 19.93 19.93 19.93
Coarse sect encoder 2 17.86 17.86 17.86 : 17.86]
Fine sector encoder 2 42.74 42.74 42.74 4274
Abs value amp 2 19.93 19.93 19.93 19.93
FMPO det/out driver 2 15.57 15.57 15.57 15.57




Table B-8. SRA Data Analysis Sheet.

Y A A A A A A A
bR, | Porr, | PorR, ML, 1, 1, 1 I Al My Myt A )‘cz )‘03 ,
51.2 51‘2 51.2
77.9 77.9 77-9
537 7537 75.37
24 24 24
%0 %0 80
39.8 39.8 39.8
397 3.97 3.97
1536.74 1536.74
9.58 9.58 9.59
5.16 5.16 5.16
o 3413 34.13
1068 10,68 10.68
1068 29.25 29.25
4.28 4.28 4,28
3.03 3.03 3.03
30 302 3.02
b e 5.5
s 43 7.43
14 14 1.4
0.37 037 0.37
0.74 0.74 0.74
1.38 1.38 1.38
o338 64 1e 64.16
o4 304 304 3.04 3.04
4.0 40 4.0 4.0
129.6 1296 | 1296
532 532 | s32 '
50.0 500 | 500 »,
160 360 360 !
540.0 540.0 540.0
768 768 768
640 640 640
710.4 7104 7104
2430.9 24309 2430.9
61.57 36 6157 61.57
1319 1319 1319
1065 1065 1065
290 290 290
92.5 925 925
25 25 25
100 100 100
51.91 51.91 5191
42.6 42.6 42.6
102.4 1024 1024
33.82 33.82 3382 33.82
431 4.81 4.81 4.81
769 031 5051
50.91 , 5091 .
15.86 i 15.86 ot
70.49 70.49 s
41.68 41.68 e
32.03 32.03 3.
32.03 32.03 3o
30.91 30.91 3003
32.03 32.03 3208
32,03 32.03 20
7.04 7.04 Lo
81.63 81.63 e
31.68 31.68 Y
19.93 19.93 e
17.86 17.86 e
4274 4274 o3
19.93 19.93 1593
15.57 1557 1557
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